Background: Chronic kidney disease (CKD) is a prevalent condition affecting bone metabolism. Bone changes in CKD patients also known as renal osteodystrophy happen due to disorders in the regulation of water and electrolytes caused by the disease. The aim of this study is to investigate the bone changes of CKD stages 3-5 patients without dialysis using digital panoramic radiography. Materials and Methods: In this cross-sectional study, panoramic radiographs were obtained from 30 patients with CKD stages 3-5 and 30 age and gender matched healthy individuals. The mean values of quantitative parameters such as mental index (MI), panoramic mandibular index (PMI), and antegonial index (AI) were measured and qualitative parameters such as mandibular cortical index (MCI) and trabecular bone pattern (TP) were recorded based on Kelemetti and Lindh calcifications, respectively. Statistical analysis was performed using t-test, Chi-square, and Mann-Whitney test (α = 0.05). Results: The mean values of MI, PMI, and AI in the two groups were not statistically significant (P > 0.05). MCI and TP were significantly different between the two groups. MCI showed more defects in mandibular cortex of CKD patients (6.7% of patients vs. 0% of control group were C 3 , P = 0.038), and TP showed more porosity in mandibular bone of CKD patients (10% of patients vs. 0% of control group were sparse, P = 0.001). Conclusion: The amount of MI, PMI, and AI were not related to CKD. While MCI and TP were significant parameters that showed mandibular cortical situation and trabecular bone pattern, they assess osteoporosis level in a more reliable manner in CKD stages 3-5 patients without dialysis. 
Introduction
Chronic kidney disease (CKD) is an important public concern with more than 10% of the world population suffering from it. High prevalence of risk factors such as hypertension and diabetes in modern life is the main reason for high incidence of this disease. About 90% of these patients show oral symptoms such as bone mineral metabolism disorder. [1, 2] Bone changes include demineralization, reduced trabeculation, ground glass appearance, loss of lamina dura, radiolucent giant cell lesions (brown tumor), and periodontal bone defect. [3] [4] [5] Digital panoramic radiography is commonly used as a method to evaluate the amount of tooth decay and periodontal diseases. As panoramic radiographs provide a broad view of dentoalveolar structures, they can also be widely used for various purposes such
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For reprints contact: reprints@medknow.com as evaluation of bone status in jaws and mandibular inferior cortex as an anatomical landmark. Different indices are introduced for digital panoramic radiography in order to evaluate bone status. [6, 7] Henrique et al. [2] have used mandibular cortical index (MCI), mental index (MI), and trabecular bone pattern (TP) in order to evaluate bone changes due to renal osteodystrophy and the relation between these three indices with severe secondary hyperparathyroidism in CKD patients. They found out that the amount of calcification and bone resorption related to CKD stage 5 patients were more than the control group and there was a significant correlation between these three indices and the blood PTH level. [2] Çağlayan et al. [8] have investigated MI, antegonial index (AI), panoramic mandibular index (PMI), and MCI in CKD patients and the control group. They reported that no significant correlation exists between MI, AI, PMI, pulp chamber size, and the number of teeth with calcification in pulp in CKD patients and the control group, whereas the MCI showed more porosity of mandibular cortex margin of CKD patients than the control group. In addition, loss of lamina dura and soft tissue calcification were more common in CKD patients compared to the control group. [8] Due to high prevalence of osteoporosis associated with CKD, studies need to be performed on the subject in order to assess alterations in bone status in CKD patients. So, the objective of this research is to compare bone changes of CKD patients and control group in Iranian population.
Materials and Methods
This cross-sectional study consists of 30 CKD patients and 30 healthy controls. The patients were in stages 3-5 of the disease; their Glomerular Filtration Rates were less than 60 ml/min without dialysis and were randomly chosen by the nephrologist. The average age of patients was 38.4 years (in a range of Patients with diseases that affect bone metabolism such as chronic liver disease, corticosteroid and anti-epilepsy medication, alcohol consumption, and a history of smoking were not included in the study. They were also excluded if they were unwilling to participate in the study or if their panoramic radiographs contained errors or lacked clarity in the desired region.
First of all, the biographic information of the patients including name, age, and gender were registered. Panoramic radiographs of the participants were taken at Department of Oral and Maxillofacial Radiology of Dentistry Faculty of Isfahan University of Medical Science (GenoRay, Jungwon-gu, Korea). The quality of all panoramic images was verified by an Oral and Maxillofacial Radiologist.
Measurements
Five indices were measured in the panoramic radiographs of all patients. The indices were MI, PMI, AI, MCI, and TP. The first three quantitative indices were measured according to Ledgerton's statement: [9] MI: A line that is perpendicular to the bottom of the mandible at the middle of the mental foramen is drawn. The mandibular cortical thickness is measured on this line [ Figure 1 ].
PMI:
The thickness of the mandibular cortex and the distance between the mental foramen and the inferior mandibular cortex is measured. The PMI is the ratio of the two previously mentioned measures [ Figure 1 ].
AI:
This index is a measurement of the mandibular cortical width measured on the extension of tangent line to the anterior border of the ascending ramus at the anterior point to the gonion.
Each of the mentioned indices was measured on both sides of the mandible and their mean value was used in this study.
MCI and TP, which are two qualitative indices, are defined as follows.
MCI: This index evaluates the appearance of the cortical border of mandible distal to the mental foramen. Based on Kelemetti classification, MCI is classified into three levels. C 1 : The endosteal margin of mandibular cortex is sharp and even on both sides. C 2 : The endosteal margin has semilunar defect (lacuna erosion) or it seems to form endosteal cortical residues on one or both sides. C 3 : The cortical layer forms heavy endosteal residues and is clearly porous [ Figure 2 ]. [10] TP: This is an index that classifies the bilateral trabecular bone pattern in mandible as dense, heterogeneous, sparse, and sparse with ground glass appearance according to Lindh et al. [11] Moreover, bone loss status was reported as a qualitative index in both jaws. Based on the severity of bone loss, all participants were classified as "intact" or "generalized bone loss." Each measurement was made by the same radiologist and a trained person separately and compared with each other. 10% of data were remeasured one week later and all data were imported to IBM SPSS Statistics v. 22 (IBM Corp., Armonk, USA). t-Test, Mann-Whitney test, and Chi-square test were used for statistical analysis where level of significance was set to α = 0.05. 
Results
Among 30 CKD patients, 14 of them were men and 16 of them were women (ranging from 25 to 67 years with an average age of 38.4 years). The number of men and women among the control group was 13 and 17, respectively (ranging from 24 to 63 years with an average age of 39.2 years). Hence, there was not a significant difference between the two groups in age and gender. Two observers measured the parameters in all panoramic radiographs at separate times. The interobserver agreement was excellent in all quantitative parameters (MI = 0.91/PMI = 0.83/AI = 0.81).
The kappa index that was used for qualitative parameters including MCI, TP, and bone loss (BL). Kappa index indicated good interobserver agreement for MCI (0.78) and BL (0.77) and showed excellent interobserver agreement for TP (0.87) which means that this agreement was significant (α = 0.001).
Comparison of quantitative data between chronic kidney disease patients and control groups
According to t-test, the mean values of MI, PMI, and AI in CKD patients were less than the control group, but no significant difference exists in these indices between the two groups (P > 0.05) [ Table 1 ].
Comparison of qualitative data between chronic kidney disease patients and control groups
Mann-Whitney test revealed a significant difference in MCI between CKD patients and control groups (P = 0.038). CKD patients showed more defects in the mandibular cortex. The C 3 classification was observed in CKD patients (6.7%, n = 2), but none of the healthy individuals belonged to this classification. The number of healthy people in C 1 was significantly more than in C 2 and C 3 . So, more than 80% of healthy people in control group belonged to C 1 classification [ Table 2 ].
TP of CKD patients was more porous than the control group (P = 0.001). Sparse and sparse with ground glass appearances were not observed in control group while these two patterns were observed in 16.7% of CKD patients. Dense pattern was observed in the majority of healthy individuals (86.6%) in the control group [ Table 3 ].
Chi-square test was used for comparison of bone loss status in the two groups. The percentage of the intact classified participants were 83.3% and 86.7% in CKD patients and control group, respectively. A significant difference between bone loss status and CKD was not observed (P = 0.999).
Discussion
Osteoporosis is a systemic disease that is known for bone mass loss and an increase in bone fracture risk. [12] CKD causes different levels of osteoporosis. Bone changes caused by CKD consist of bone demineralization, reduced trabeculation, reduced bone cortex width, ground glass appearance, soft tissue metastatic calcification, radiolucent fibrolesion, radiolucent giant cell lesion, bone fracture, and unnatural bone repair. [13] Many of them are measured using quantitative and qualitative indices in panoramic radiography. TP, MI, PMI, AI, and MCI are the five main considered indices measured in this study.
Osteoporosis detection based on panoramic radiography indices has been shown in many researches. But because of low resolution of panoramic radiography that results in reduced linear measurement precision, there exists contradictory results about difference between osteoporosis and AI, MI, and PMI indices. [9, [14] [15] [16] [17] [18] [19] Based on the result of our study, AI, PMI, and MI indices do not show a significant difference with osteoporosis caused by CKD. Consistent with these results, Secgin et al. [20] found that the mean value of MI in CKD patients was lower than that of the control group, but the difference was not statistically significant (P > 0.05). Furthermore, no significant difference was found between hemodialysis duration and mandibular indices in their research (P > 0.05). However, the usage of these indices has been shown to be beneficial and it is recommended that patients with lower values of these indices attend osteoporosis examinations. [2, 8, 9, 16, 20] On the other hand, some researchers found that the PMI, MI, and AI indices show a significant and reliable difference with bone mineralization status, which makes them useful for osteoporosis detection. The difference between these indices and patient's age was investigated in these studies, and it is observed that aging changes the value of these indices and demonstrates a significant difference. [6, 15, 17] TP and MCI indices showed osteoporosis status better so that the C 3 classification strongly shows osteoporosis. [2, 21] Many researchers found that MCI is a strong and appropriate index in osteoporosis detection. [2, 6, 15, 17, 19] Based on the results of our study, it is recommended to use TP and MCI indices for evaluation of bone status. These two indices are less affected by panoramic radiographic distortion and magnification, which make them more reliable indices for osteoporosis detection. Almost all of the studies that investigated MCI and TP approve the validity of these indices for osteoporosis status prediction. MCI shows mandibular cortical status and more defects in mandibular cortex are observed in CKD patients. [2, 6, 8, 11, 15, 19, [22] [23] [24] [25] In this work, C 3 classification as clear sign of osteoporosis was observed only in CKD patients.
TP
shows bone trabeculation quality. Lindh et al. [11] investigated this index and concluded that dental radiography is an appropriate method for osteoporosis detection by standardization of intraoral radiography conditions and the radiographic examination area (near mental foramen). According to their work, sparse and heterogeneous calcifications were considered as osteoporosis. As it was previously mentioned, CKD causes different levels of osteoporosis. [11] In our work, it is observed that bone quality, bone trabeculation, and bone marrow space of the CKD patients are more sparse, thinner, and larger than that of the control group, respectively. A large percentage of the control group had dense calcification, while less than half of the CKD patients had this level of bone quality. Sparse calcification with ground glass appearance was only observed in CKD patients.
Messier et al. [5] investigated the amount of bone loss in CKD patients and found that the amount of alveolar bone loss in end-stage renal disease is more than early stage. [5] In a separate work, Frankenthal et al. [26] studied the correlation between PTH level in hemodialysis patients with periodontal indices and the amount of alveolar bone loss. They did not find any significant correlation between them. Considering bone loss, no significant difference was found between CKD patients and the control group in this study. [26] Panoramic radiography is commonly prescribed by dentists. Awareness of previously mentioned indices and assessment of them in panoramic radiography of patients can be helpful for the determination of osteoporosis before visiting a doctor especially in patients prone to osteoporosis such as elderly people, menopausal women, alcohol consumers, smokers, patients who suffer from systemic disease like rheumatoid arthritis, inflammatory bowel disease, chronic disease of gastrointestinal tract, chronic obstructive pulmonary disease, cardiovascular disease, cancer, and chronic renal failure. These patients must be referred to a doctor for more examinations and validation of osteoporosis. [27, 28] Not accounting for the stage of chronic renal failure and not accounting for patients without hemodialysis are limitations of the study. It is suggested to perform this work using a larger statistical society on CKD patients with different stages of the disease, especially end-stage renal disease.
Conclusion
MI, PMI, and AI indices are beneficial for the evaluation of bone status. However, no significant difference between these indices and osteoporosis caused by the CKD was found in our work. TP and MCI are both proved to be invaluable indices for bone density and mandibular cortex detection. This work can also be used to predict osteoporosis status in a reliable manner.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.
